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Binary Black Hole





Rapidly Rotating Neutron Star





Many Distant Sources



1989 Proposal to the US NSF



Initial LIGO Hanford, WA



Advanced LIGO Hanford, WA



Advanced LIGO vs. Initial LIGO





Feb 11, 2015, Hanford, WA
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What have we discovered?

• Einstein was right

• First signal: “I come from a black hole”

• Binary black holes exist

• Largest stellar mass black hole to date

• Universe is full of binary black holes



Extraordinary claims require extraordinary evidence

-- Carl Sagan
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Binary coalescence search
15 (+2) parameters
masses (2)
distance (1)
direction (2)
orientation (2)
spin (6)
time (1)
phase (1)
+ eccentricity (2)
+ calibration uncertainty (~10%)
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GW trigger by generic search

time and initial results sent to astronomers



Information content

chirp mass

mass ratio

spin parallel to the orbital 
angular momentum

spin perpendicular to the orbital 
angular momentum



inclination

inclination

direction



eccentricity: <0.1



Origin

high BH mass Low metallicity environment 
(Z<0.5 Solar)
Low metallicity environment 
(Z<0.5 Solar)

low orbital-aligned BH spin limit on BH natal kick

low eccentricity eccentric encounter in galactic 
nucleus disfavored



Testing General Relativity

• Difference between expected 

waveform and observation

• Mass of graviton (dispersion)

• non-GR polarizations



Friends 74 + 2



Electromagnetic and neutrino follow-up



Targets

Bartos+ 2013

• Cosmic accelerators (cosmic rays, > 1020 eV)

• Supranuclear equation of state (NS mass vs radius)
Δr ~ 1 km   at   100 Mpc

• Alternative cosmological distance ladder

• Many open astrophysics questions



merger of 
dead stars

core-collapse 
of massive star

rapidly rotating 
neutron star

binary black 
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medium



Electromagnetic counterparts / follow-up

• Beamed
• Good gamma-ray FoV
• Gamma-ray long term?
• Follow-up difficult
• Off-axis light curves

• Isotropic
• Long-term  -- easy follow-up
• Flux too small?

• Good time frame (~week)
• Isotropic
• Limited IR FoV / sensitivity
• LSST!

Metzger & Berger 2012Metzger & Berger 2012



SENSITIVITY TIMELINE

46

Aasi et al. 2013



New window onto 

the Universe.

Exciting opportunities for 

fundamental physics 

and large scale 

observatories


